Abstract
Introduction
Health-related lifestyle behaviors are important determinants of disease and mortality fundamental to public health [1] [2] [3] [4] [5] . Lifestyle behaviors that have been reported to impact health include cigarette smoking; alcohol consumption; physical activity, diet [1, [6] [7] [8] [9] , and health status inequalities between different socioeconomic groups [10] . Some studies have designed health scores based on assessment of several health-related lifestyle behaviors [11] [12] [13] [14] [15] . To date, however, these approaches have rarely been applied to assess the health-related lifestyle behaviors of migrant workers in China [16] . Whilst the prevalence of infectious diseases, mental health, quality of life and smoking in this group has received recent attention [17] [18] [19] [20] [21] ; comprehensive assessment of a variety of lifestyle behaviors has not yet been reported in this population.
Shanghai, one of the largest economic centers in China, attracts 6 million migrants annually, and currently these migrants account for about a quarter of the total population of Shanghai [22] . The Shanghai Bureau of Statistics estimates that 80% of migrant workers are married, with an average age of 38. 72% have not completed high school; 78.4% live in rented accommodation; 22% work overtime daily or frequently; and 80% have employee's insurance or rural cooperative medical care insurance [23] [24] [25] [26] . Insight into the lifestyle behaviors of migrant workers would facilitate the development of targeted primary prevention strategies.
In this cross-sectional study, we used a lifestyle score based on six behaviors to assess the health related lifestyle behaviors of male and female rural-to-urban migrant workers in Shanghai. Furthermore, we explored the association between lifestyle scores and contributing factors such as employment, migratory history, marital status, salary and mental status in male and female rural-to-urban migrant workers.
Materials and Methods
Study population migrant workers were sampled from six occupations: 1) manufacturing, 2) construction, 3) hospitality, 4) domestic service, 5) small business and 6) recreation/leisure. In selected health service centers, cluster random sampling was conducted according to the workplace. Workplaces at which more than 50% of employees were migrants were eligible. All the eligible workplaces within the service area were classified in three strata (large, 500 employees; moderate, 100-500 employees; small, 100 employees). According to the proportion of migrant workers in each sector reported in the government statistics [27] , in large workplaces no more than 200 migrants were cluster sampled according to workgroup. In moderately sized workplaces no more than 150 migrants were sampled. In small workplaces all the migrants were sampled.
All the employers (or managers) consented to conduction of the surveys on their premises. From each community health center, the general practitioners and nurses approached the rural-to-urban migrants (with rural household registration that had migrated from rural to urban areas for the purpose of employment) at the sampling sites, who were aged 18-65 years with a residency of at least 6 months. Written informed consent was obtained from all volunteers, and the survey questionnaire was individually administered under supervision. Considering the prevalence of smoking, alcohol consumption and mental disorders, and 10% questionnaire failure rate, we calculated the required sample size to be 5800. For each volunteer, blood pressure was measured on the spot only once (normal blood pressure defined as <140/90mmHg and abnormal blood pressure as 140/90mmHg). Assistance was provided to those who had difficulty completing the questionnaire primarily due to their limited years of education. The confidentiality of responses was ensured during the survey. All completed questionnaires were exclusively accessible to the investigators and researchers, who were regulated by the rules of confidentiality. The study protocol was approved by the Ethics Committee, Zhongshan Hospital of Fudan University (B2013-138).
Survey questionnaire
To assess the understandability and feasibility in the target population, the questionnaire was pilot-tested at the 7 community health service centers with migrants of different ages and education levels. The size of questionnaire and wording of the questions were revised via discussion prior to launching data collection. It took approximately 45 min to complete the 13-page survey, composed of 4 sections as follows.
Socio-demographic characteristics
Socio-demographic characteristics including age, gender, occupation, workplace scale, educational attainment, marital status, accompanying child/children, salary, years of residency in Shanghai, number of cities resided in, hours worked per day, days worked per week, and type of residence were recorded.
Income was categorized as < RBM 1500, RBM 1500-2500, RBM 2500-3500 and RBM 3500. In 2012, the minimum income standard in Shanghai was RMB 1450 per month [28] , and the average income of migrant workers in a municipality like Shanghai, Beijing, was RMB 2561 per month [28] . Shanghai urban residents per capita disposable income was RMB 3350 per month [29] . Thus our categories were designed to reflect the fact that an income below RMB1500 per month indicates an individual below the poverty level, and an income above RBM3500 per month is above average level.
Mental health
To assess mental health we employed a Chinese version of the Symptom Checklist-90-Revised (SCL-90-R) [30] , a self-reported mental health questionnaire. An SCL-90 score 160 indicates normal mental health, and a SCL-90 score >160 abnormal mental health [31] . These thresholds are widely used in Chinese research [32, 33] .
Physical health
BMI was calculated from self-reported height and weight according to the Chinese criteria [34] , a BMI<18.5 indicating underweight, a BMI between 18.5 and 24 normal weight, and a BMI 24 overweight or obesity. A history of one or more of the following chronic diseases was recorded: hypertension, ischemic heart disease, diabetes, chronic obstructive pulmonary disease, asthma, renal dysfunction, abnormal liver function, rheumatoid arthritis, osteoarthritis, or mental illness.
Lifestyle behaviors
In the fourth section were recorded six lifestyle behaviors as smoking status, alcohol consumption, sleep duration and quality of sleep, breakfast patterns, frequency of regular meals and frequency of fruit and vegetable consumption.
Lifestyle behaviors that have been reported to impact health included cigarette smoking, alcohol consumption, physical activity, diet habits and sleep duration [1, [6] [7] [8] [9] . However, as rural-to-urban migrants mostly engaged in physical labor, likely fulfilling their requirements for physical activity, we did not survey physical activity. To assess participant diet we surveyed the frequency of fruit and vegetable consumption, frequency of regular meals and frequency of breakfast, which have previously been established to be relevant to some diseases like chronic gastritis or cholecystitis [3, 6, 11] The participants were classified into three categories, current smokers (with a history of smoking in the past 30 days), previous smokers (100 cigarettes in their lifetime) or nonsmokers, according to previously published analyses [35, 36] . For multivariate analysis, we dichotomized smoking status as current versus previous smokers/nonsmokers, with one point allocated to current smokers.
Participants were asked to categorize alcohol consumption according to the Alcohol Use Disorders Identification Test-Consumption questionnaire (AUDIT-C) [37] , in response to the questions "How often do you have a drink containing alcohol?", "How many drinks containing alcohol do you have on a typical day when you are drinking?" and "How often do you have six or more drinks on one occasion?" The response to each question is scored 0 to 4 points to yield a total of 12 points. Scores 4 in men or 3 in women indicate positive screens for hazardous alcohols use. We dichotomized this variable as nonhazardous alcohol use versus hazardous alcohol use, and allocated 1 point for the latter [38, 39] .
Participants reported the average number of hours per night spent sleeping over the previous month, and 1 point was allocated for an average of <7 hours of sleep or >9 hours of sleep, as previously established as a risk factors for health [40] . Additionally, participants reported their quality of sleep over the previous month as good, fair, poor or very poor.
Participants described their frequency of having breakfast as almost daily, 3-4 times per week, 1-2 per week, or rarely/never, and for multivariate analyses, we dichotomized all responses into "almost daily" vs. "no daily breakfast". Based on the dietary guidelines for Chinese residents [41] , participants described their frequency of fruit or vegetable consumption as almost daily, 1-2 per week, 1-2 per month, or rarely/never. Additionally, they described the frequency of having regular meals as almost daily, 1-2 per week, 1-2 per month or rarely/never. We dichotomized both "consumption of fruits and vegetables" and "frequency of having regular meals" into "almost daily" vs. "not daily" for multivariate analyses.
Based on these six factors, we used a lifestyle score similar to that described in the previous studies [11] [12] [13] [14] [15] [42] [43] [44] . To each factor we allocated 0 or 1 points. An overall score, ranging from 0 to 6, indicated one of three subcategories: healthy (0 point), relatively healthy (1-2 points) or unhealthy (3-6 points).
Statistical analysis
The data obtained during the current study was submitted to Dryad according to the PLOS data policy. Statistical analysis was carried out using SPSS software, version 17.0 (SPSS Inc, Chicago USA) and SAS software, version 9.2 (SAS Institute, Cary, NC).
For socio-demographic characteristics and health status, we calculated frequencies or mean values and standard deviations by gender. The differences between male and female migrants were analyzed using Chi-square test for frequencies, and un-paired t test for mean values.
A multiple stepwise cumulative odds logistic regression model was used to assess the association between unhealthy lifestyle score and multiple risk factors by gender. Healthy lifestyle level was used as reference in this model. The independent variables were age, occupation, workplace scale, educational attainment, marital status, accompanying child/children, salary, years of residency, cities resided in, hours worked per day, days worked per week, type of residence, self-reported health status, chronic disease, blood pressure, BMI, and mental status. The significance level for entering effect was P<0.05 and removing effect was P0.05. Cumulative odds ratios (COR) and 95% confidence intervals (CIs) were calculated. A 2-tailed alpha with P<0.05 was considered statistically significant for all analyses.
Results

Socio-demographic characteristics of participants
Based on the analysis of the complete questionnaire responses of 5484 (93.7%) without missing data from the total number of 5855 participants approached (Table 1) , it was found that 51.3% of participants were male; 48.2% were new-generation migrant workers, who were born into farming families in rural areas after 1980 and migrated to urban areas after graduating from school [45] ; 50.9% completed junior high school and 24.1% finished high school; 73.3% were married and 70.0% had children. 77.1% earned RMB 1500-3500 per month, a salary range of the poverty level to urban residents per capita disposable income in Shanghai [28, 29] , but 68.7% worked more than 5 days a week, and 51.5% worked more than eight hours per day. 53.5% rented a room as a family or with others; and 28.4% lived in collective dormitories (Table 1) .
On average, the male migrants were older than female migrants (P<0.05). Significant differences were observed between the demographic characteristics of male and female migrants. A higher proportion of male migrants had completed high school or college and earned over RMB 2500 per month (P<0.05). Occupation, workplace scale, accompanying child/children, years of residency in Shanghai, number of cities resided in, days worked per week, and type of residence also differed significantly between male and female participants (P<0.05). Characteristics which did not differ significantly between male and female participants included marital status and hours worked per day (Table 1) .
Health status of migrant population
The vast majority of migrants self-reported good or fair health (98.9%), and only 8.2% reported chronic diseases. However, 9.9% exhibited abnormal blood pressure; 27.0% were overweight or obese; 11.2% had scores indicating abnormal mental health on the SCL-90-R; and on Weekly working days, n (%) (Continued) assessment of reported health-related behaviors, only 36.9% were classified as having a healthy lifestyle (Table 2) . Although self-reported health or mental health did not differ significantly between male and female participants, male participants reported significantly higher rates of chronic disease (9.5%), abnormal blood pressure (14.3%), abnormal BMI (36.9%), current smoking (47.0%), and hazardous alcohol consumption (29.6%), than female participants (6.8%, 5.4%, 29.7%, 2.3% and 8.1%, respectively) (P<0.05). Female participants reported a higher frequency of fruit and vegetable consumption and higher healthy lifestyle scores (51.9% healthy, 37.4% relatively healthy, 10.7 unhealthy) than male participants (22.8% healthy, 55.0% relatively healthy, 22.3% unhealthy) (P<0.05) ( Table 2) .
Association between lifestyle score and socio-demographic characteristics and physical and mental status
The results from the multiple stepwise cumulative odds logistic regression analysis (Table 3) were as follows:
Male participants working in hospitality (COR = 1.806, 95%CI 1.275-2.559, P<0.001) or recreation/leisure (COR = 3.248, 95%CI 2.379-4.435, P<0.001) were more likely to report an unhealthy lifestyle than those working in manufacturing. Female participants working in hospitality (COR = 1.675, 95% CI 1.263-2.222, P<0.001), domestic service (COR = 1.657, 1.314-2.090, P<0.001), small businesses (COR = 1.556, 95%CI 1.222-1.981, P<0.001) or recreation/leisure (COR = 5.563, 95%CI 4.268-7.250, P<0.001) were also more likely to report an unhealthy lifestyle than those working in manufacturing. Men working at small workplaces were more likely to report an unhealthy lifestyle than those working at a large workplaces (COR = 1.422, 95%CI 1.154-1.752, P<0.001).
Men that worked 11 or more hours per day were more likely to report an unhealthy lifestyle than those that worked for eight hours per day (COR = 1.533, 95%CI 1.238-1.898, P<0.001), and in comparison to women that worked for eight hours per day, women that worked for 8-11 (COR = 1.426, 95%CI 1.172-1.734, P<0.001) or 11 or more hours per day (COR = 1.287, 95%CI 1.055-1.569, P = 0.013) were more likely to report an unhealthy lifestyle. In comparison to women earning a salary under 1500 RMB, those who earned over 3500 RMB were more likely to report an unhealthy lifestyle (COR = 1.618, 95%CI 1.137-2.303, P = 0.008). Single women were more likely to report an unhealthy lifestyle than married women (COR = 2.023, 95%CI 1.664-2.461, P<0.001), and women who had previously resided in three or more cities were more likely to have an unhealthy lifestyle than those who had resided in only one or two cities (COR = 1.311, 95%CI 1.072-1.602, P = 0.008). Abnormal mental 
Discussion
This large-scale cross-sectional study of migrant workers was conducted in the booming city of Shanghai, with the demographic characteristics, the physical and mental status of male and female rural-to-urban migrants examined and the aspects of their lifestyle assessed so as to determine what characteristics were associated with unhealthy lifestyle behaviors. In our sample less than 10% of respondents reported salaries below the poverty level in Shanghai [28] , but the majority worked for more than five days per week, and roughly half worked for more than eight hours per day. Whilst the vast majority of migrants self-reported good or fair health, and few reported chronic diseases, on assessment of reported health-related behaviors, only 36.9% were classified as having a healthy lifestyle. We observed a lower rate of abnormal blood pressure in this study than in the previous report on the prevalence of hypertension among rural-to-urban migrant workers in Hangzhou, a city in Eastern China [46] , and in the general Chinese populations [47] . This discrepancy can be explained by the younger age of the participants (34.3 years on average), who represented an age group in which the incidence of hypertension is typically lower [48] , as well as by the possibility of including those who were on medication for hypertension, as indicated by 8.2% of the respondents who reported a chronic medical condition.
The fraction of our overweight or obese samples was lower than that in the national population [49] . Previous studies have suggested that those residing in the rural areas are less likely to be obese, for they tend to engage in manual labor, but that the risk of obesity increases with the years of residence in a city, even for those engaged in urban manual labor as their traditional diets may be replaced with the more prevalent high calorie foods [50, 51] . As the majority of our participants would continue to live in the city, it is possible that their BMI would increase.
Previous reports of the mental health of migrants have produced conflicting results, indicated that certain population are at a higher risk for mental illness than the general population [19, 21, 52, 53] , whilst others are at a lower risk [18] . Our results support the latter conclusion. Although rural-to-urban migrants may experience a lower quality of life than their urban counterparts [17, 20] , our survey participants had resided in Shanghai for at least 6 months, and may represent a more settled population than those in previous investigations.
We found that approximately half of the participants reported one or two unhealthy lifestyle behaviors, 16.6% reporting more than two. Although self-reported mental and physical health did not differ significantly between the genders, the male migrants were considerably more likely to report a chronic health condition than the females, showing a significantly higher fraction than the female migrants in terms of abnormal BMI and elevated blood pressure and presenting a much unhealthier lifestyle. The males reported significantly more unhealthy behaviors than the females, except sleep duration and quality, breakfast pattern and irregular meals. Additionally, the males showed higher scores for unhealthy lifestyle than the females, mainly because smoking and drinking were observed to be significantly more common in the males than in the females, as previously reported [54] [55] [56] [57] .
For men and women, those who worked in recreation/leisure; worked eleven or more than eleven hours per day; or self-reported abnormal mental status, were prone to unhealthy behaviors. Those who worked in recreation/leisure were significantly more prone to unhealthy lifestyle behaviors than those who worked in other sectors, presumably because of job instability and irregular working hours. Those who worked 8 hours per day, as required by the law, reported fewer unhealthy lifestyle behaviors than those who worked more than eleven hours per day, exceeding the overtime per day in law, which served as a marker of a higher work load. Mental status was another important influential factor, and abnormal mental status was a strong negative factor of healthy lifestyle. Jerzy et al. reported that subjects with depressive symptoms reported unhealthier lifestyle behaviors in comparison to healthy individuals, for those with worse mental health may be less capable of maintaining a healthy lifestyle [58] .
The sex differential of the association between lifestyle score and socio-demographic characteristics and mental status was particularly marked for workplace scale, marital status, salary and number of cities resided in. Men working at small workplaces were more likely to report an unhealthy lifestyle than those working at large workplaces, which could also be attributed to the lower employment stability and reliability of smaller companies. Mechanisms underpinning many of these observed trends are unknown. Particularly interesting was the observation that, in comparison to women earning a salary under 1500 RMB, those who earned over 3500 RMB, representing above urban residents per capita disposable income in Shanghai [28, 29] were more likely to report an unhealthy lifestyle. Further studies in this population will be necessary to further elucidate the reasons for these differences. Single women were more likely to report an unhealthy lifestyle than married women, and women who had previously resided in three or more cities were more likely to have an unhealthy lifestyle than those who had resided in only one or two cities, suggesting an unstable home life may contribute to unhealthy lifestyle in women.
Interventions in multiple lifestyle behaviors were reported to be recognized as an effective method to enhance health and reduce health care costs [59] . As indicated by the findings in this study, the need to promote healthy lifestyle behaviors among the migrants is urgent, for this population has limited experience with local healthcare facilities, a limited social network and limited education. Migrants require specific, tailored interventions, as indicated by some factors associated with unhealthy lifestyle, particularly those employed in the recreation/leisure sector, and those women who were single. Potential intervention strategies must be tested in each individual targeted population, as they are sufficiently unique, with characteristics such as younger age, few medical concerns, ignorance to their unhealthy lifestyle behaviors, and limited access to health knowledge and education due to their limited educational background, harsh survival environment, and underprivileged conditions, accompanied by depressed self-esteem and antipathy to the interventions (i.e. public education on smoking cessation) [60] [61] [62] [63] .
Health interventions may be integrated with the migrant workers' favorable union of the same origin, and tailoring interventions to specific worksites may represent a viable method for promotion of healthy lifestyles, addressing the specific needs of each group. General practitioners and nurses must maintain a rapport with this population in the local communities, so regular educational information can be delivered to them, and self-assessment of health lifestyle behaviors can be performed in accordance with the findings derived from this study.
In addition, the government should take the responsibility of addressing the health inequalities among migrant workers and take a holistic approach to health promotion and illness prevention strategies for migrant workers.
Limitations
Lifestyle data was not collected from non-migrant Shanghainese residents, so the lifestyles of native residents and migrant workers could not be directly compared. Self-reported lifestyle information and physician-diagnosed chronic diseases may have resulted in some misclassification, and information bias. Additionally, this study was cross-sectional in design; therefore, only association, rather than causation, could be evaluated, and longitudinal studies will be necessary better elucidate the cause-effect relationships of risk factors and health in this population. Further research into the health and behavior of migrant workers will be required to highlight the healthcare needs of this population. 
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